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[oooi] *&wfcs ¥mfov~'^<n^&&M^ttfr<Dmfc&mmn&£xf*mft 

)m^^^^K^.fi^tlX^^ 0 ZrO , HfO tek*<DHi&h-km<D]&)$.J3W:b 

2 2 

LTte, J^s^ife, CVD(ChemicalVapor Deposition)ft;«^£;fr-tV^^ fg;^ 

[0003] mgh-km<DMf&ltt, CVD©-®t*5MOCVD (Metal Organic Chemical 

Vapor Deposition) ^Jg^^tvSo ^MOCVDTi2. r ^t»II^^ffl 

if(Dj(g)|Sf^Lr^^X.^. Hf[OC(CH ) 3 ] 4 (Hf-OtBui:IB&i-) , Hf [OC(CH) CH 
OCH ] (£*T, Hf-MMPi:BS*f~) . Si[OC(CH ) CH OCH ] (JUT, Si-MMP 

234 32234 

, Hf[0-Si-(CH )] (Hf-OSitm£ft%)teb*timm£tlX\^ 0 

3 4 

X\ ^x.i^Hf-MMP J ^Si-MMP^^ff30 < C@^-C?Sffi-efc§o ^<£>fc#^ -^t^ 
ft, MOCVDfe<OM3|Sf O lo^fc^Hf-MMP^ffl V ^fc 1 ^>(D^^]e)tb-CV ^ (#];tk£ 

flrfr^tlftl : #^2004-6699^^1 
3§ BJ ^#rUfc2 5a£H 
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[0004] Hfo m<DT*/i'7Txfti&$:mw-t'Z>fcibiz.mo m^si%mAi-z>z.k&ft£> 

2 2 
2 

^yy^—hm&T. ufsiomm-r)t^Ay^^ 0 mom^si^mA-r^bx 

[0005] ftm*. hz&n<mifsiomzm^x^ mmmAm<D0kW-xm%mmir%z.biz 
£ym*<n^mftrtzmm^£?bvx^tc 0 mz.?— h^mmbL-xmrn-r^m^-. 

#tt:&Mfc£3itfci-o ^ (n) ^^m^m^wmu hT^x^m&m 

z/})^— hm*<D^mm&&mm-tzz.kfemmxfo<>fr 0 
[oooe] *mw<D @ m^^mm&^^u^mm^x. M^m^mi^mm 

[0007] *mw#te. 4£mm*bisv^m*%^tfmKttvxmm&mA-tzM&^ & 

z>z.tic£<0)$mx%z> o Lfc^ox. &mmfcm^&^v^><DmAmmsx%ti& 

^m&%nw^ ^mz.x'o^m^&^mx^boy^^nx, ^mm^tm 
[0008] m^sm*. s^Jl^3:^Mm^^^y= I ^^^t^^^'rs^5'^^ 

xhz>» 
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[0009] ^2^pj[i, m<n&mte&^x* ffis&mxT-v'tttt* mrnxfax^})^ 
[ooio] m3(Dmmn. f$i<Dmm\z.&^x* mw.^^^x^ v-y^^^m&s 

^^swji^i/y^^s^^<^j;5^-r^^^^#^^'r§^^« 
[0012] ^5<^sw», fBKD&mte&^x. ffrm&mxTvyxfe, mm^mmim^ 

mzmir-bfrx%z> 0 

[0013] m6<Dmwte, mi<D&m\z.*$^x, wm^m^Ty-^v^ &mm*frstt&i 
ztmz. ^mm(Dmmm&^n^mm^ti^ti^t^x^mir^t^ 
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[ooi4] m7<Dmwte, m<Dmm\z3s^x. mm&mw^kte^-v^xm, mmmt 
^-m*<DMmm&*&ft<kh2mmxmb&-&%z.k&x%Zo 

[0016] m9(DmMi-i, ^lO^M^T, HtjIE^^ffl^^^'^. BUlB^^^ 
[0017] SglO<D3§Wte, mi^P^t-^V>T. ituSB^&S;*^:/^ RPN^a> MM 

Tmmm, ^nKTNmmKxn^ti^^t^wmkir^mi^mmi^mm^m 

mt^m^^on^Kff^ki^X^o 

[0018] mn^5iwi*> smi^^jRM^^^y^^M^^tf^^-rs^y^, 
tuiBj^^ K^m^mAi-^Ty^k^u mmmmmA^^y^xm^^mA 
-tzmm<nm&&. m^m^^xm^i-^m^<D^v^>mmi^mmir^ 
z.k*w&ktt*mw-mm<D%^&xibz> 0 
mmmA^^s^xm* ^mA-r^mm^mm^ mm^y^x^m-r^m^ 

[0019] mi2(D$&w mu%5tfomcmAir%x^y7"b, m.wmm<Dmvf%m*m-& 
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[0020] mi3<D&mfe. $&i2<D&m\z.*3^x, mfa&mmirzxTiyzfx^ ^lmnt. 

[0021] &14<©3&WH:* Jgl2<D3§PJ!^£>v^ mfo&wmirzx^yT'xn, 

^lJm^^t^2MW^^^*«^*fb-CI^^^#t^i-^^ > — jRftfcCVDifc 

[0022] m5<nmwfe, mi2<D2&m\c&^x. £R*«yit5^7 i s'^», ^ui^ 
^^^2^^t^^^^bT^2^«^-r^^^#^^i-§^^©^ 

sk±fty<Dx^ m^n^M^i^^^vy^cvumi^^^n^tmx^ 



WO 2005/071723 6 PCT/JP2005/000751 

<5<> 

[0024] $5i7<D&mt&. mi2<D^m\z.^x, Wm^tMir^y-v^x^ 

mK£%i$m&n^^^m<D&mfam*mmzftD^bfrx%z 0 
[oo25] ms^em*. m2<D&m\z*$^x* mmm^mm-^mmMm^m^wM 

mnbit^^j^mi^m^fc^\)^mi^mn^ ^-rtv^xm. tomtmu 
iyv^-m^mx^^b^wmbT^^mmom^^x^o 

[0026] miwrnwiz. mi8<D&wK&\<^x^ mmmz&ifzi/v^m&mmbs^ 

~VJ»mi£ffiW<Dmi&i£ {^)^mW-WM/^^J^W-W-M) £100-1000 

birzzb%^birz¥mftmm<D$mjfmx3bz> 0 
^it^ioo- looob-rzb^ M&£tiz^7~vj*iy})<y~hm<Dm)&i£ 

[0027] Wh2o<D3m\t, mi8(D&m\z.*s^x, aatSrftBfflfs^^^fcssv^-c, mim 

^)m^)^s^ini^o. i-i. o^rnxum-r^b^mmb^-^mw-m 
m<vm&jjmx&z>o 

o(D$mxmmirz>b^ /^~vj»i/vtr— hmommtti&tei/v^y^bu ^? 
^^yv^-hmcDmmiro&^^^v^b'r^b^x^o 
[0028] n2i<Dmwi*. m2o<DmwK&\<^x, m^mmr^^y^^^x^mu-c 
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[0029] m22<DmMte, mu&i&mir&BCfo^b, mmmm^mi^mm^m^xf^m 
mmz®.?&irz>mi?>?b. mmmm^mwrnm^mmnbitm^m^itx 
w&^x?£^ t>b<«, imM<vWLftmmfrbte%m2m+%^ir%n2#i/?b^ 
mmm<7)mi^mm^umir^mimi^mmmmmmb.m2mm(Dmi^mm^M 
ffl-tz>m2mfcffimmmmw:b^ mmmm^titcmimn^itir^mimtmb^ 
ffimmm£titc^2mm&n,4kttm2Ufc!&b^ m^xmdmmn-tf^b^ 
m m#*b&5ifcmz.w&^-z>w&; p b^ z^irzzb&mmbirzmuttkmmmx 

mmmm^mwmm^m^x^mi^^mimm^ mmi^mmmmm 
mxmmmm^tixmwt^xm.^fi, w&nfrbEifomcm&£tiz>o mm 
MM<Dmfcmm*mmmbtemte%m&ftxm&^x?j:z>, ^l<j*, iti©t 
ftmmfrbtzzm2*is?<Dm2WMte. m2m&mAmmmmxmA®mt5tix% 

mmmM<nm&mM&w&irz><DX\ mfmA<Dmmm:&& im^-r^b^ 
x%z> 0 ufc^o-c. BUfc^xiz, mmnbm2mm<Dm&MzfottMit% i b^ 
&m^V7-~h^mtii±fc)&mirz>^b&x%z> 0 
[oo3o] M23<Dmwfe, m22<DmMKm^x^ mmmmtpi^ mimwmmmmmm^ 
tc^y^xxfm2m^mmmmmm<Dmmmmt^^^mmT^ummm^ 
mTz^b%wmbirz>m£&mmmxhz> 0 

itMt> mimn^t^^^m2^<Dmi^mmwtMimr^t^^ 
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[0031] *mmiz£in&. m^^yv^mm^mt^^t^xv, m^mmrnm^- 
[0032] uT\^^m(omM<D^m^mm\^^^xmmir^ 0 

bL-X<D~V-±'7'#42%: AilUTV >5 0 if-fe^42^(«^30^iPI^-r6fcfeOt— 

[0034] sj&^u-te, &mm*^tenmmbvx<DHi]m*^4k^tfx&m&~?z> 

^@BWl6^^$tvTVN^ 0 Hfjm^^^@BWl7a, Sijm^^*&BBWl7b 

s^b8S3a, mtmb^^fimm^x\^o $*ffcs*3a, $MtM3b\cmvm 
&mitm%;mm3a. smfcmmk&mwi3b&zti^tvmwi&ti. nmfcmm 
mmm i3a, si^M^^saw i3bfd}i, ttfttftMMP&iEisa. m^mm. 
mwmmisb^ti^timnhtix^^o sat, Hmw-wMw^m^i3a, simfo 
mm$%;mwi3b\tt, iumfcmn®m. sm<£m*&m&*trftv8m£ 

#y&@awi3a, si^m^^fiawi3b^j¥um^»©ffisi^^«&^5JE 
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frmmmfcm$m%;& { g i3a, i3b^j¥uw$^ 

&fcfif&HfcP3£1Bl8a, ^^MJ^^gl8b^4M$^ «ESf&J#&ftfc»c# 
[0035] l£fc, ^^4^ttSJS^rt*^t-S^EWl4dSg8R$*LT*3«3. SBMMf 

[0036] sjs^4^r±ia^uev ^mmMiiW—ww^^xmm^. w&mzxx&m 

««#^^^SiS^4^A$nTS^^4T^^<D^a^bfc:m,^^ 

[0037] &fc, M^g-efe^^hn— ^50«, ^5ft*$!l^I^ei8a, 18b. ^ffc»3a 
. 3b. !J*E~ K/9X^«3*20, #^£©5, MP^©t-^43, KJ&^M 

[0038] ^{C_h^U7^|i|l©j;9^*^^^^;CVD^e^fflV>T, HfSiOJ8£&*M1-5 
fcfeO^WS^I-o ^^-e«> HfISC^^THf-MMP3:JBV\ SiUf^LTSi-MM 
PSrfflV \ ^^tt^^rbT^^ (N ) -T/v^V (Ar) , mfcMbV,xmM (O) £rfflV ^ 

%>m\^^xmmirz>o 

[0039] ^S^^ffl^lCiOJ^^^SJC^rtJCjRA-rSo gfctfU^tr&Sta^ 
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[0040] JEftfflt^^y^masV HfM^k SiM^&fl^UTN^— 

i^-T 5 1 (IM^/V) rfJ <E>#Jj|l&JtHf-MMP/ (Hf-MMP + Si-MMP) IriSt 

[oo4i] ^Htt^JKi^^jsv^, mW(D&%;-/*— i?<Di^ifL^<Dwmntsmn<Di&%: 

it (^/VJt)Hf-MMP/ (Hf-MMP + Si-MMP) tmtpOW&ifKt/ (Hf +Si) 
Hf-MMP/ (Hf-MMP + Si-MMP) &fflW'tZ>ZL£Vl&% i <Dm£j5fa l!l*3tt«Si 

[0042] m&v< jR©_LS&fl8 (^> -esi^ 

as&v\, r<z>J;5^ HfSiOJ^cQ^MJco^^SMiJ^^^Siy^^ir^O, 

Siy^^{*.m^itx=Hf/ / (Hf+Si)=0. 1—0. 5<D^fflSrV>V\ Hfy 
y^tt*,*lj&Jtx=Hf/(Hf+Si)=0. 6-0. 9(Df5IS^rVN5o 

^HfSiOJ^(D^®^iJJ;0t)Hfy^^^^j;5^i-S^,#^i-^S^^a^j;^ % 
Hf SiO^B#J<DSiy i^f-tm t#<©Ii^iAL, JEtftMDHf VvT-ftm ^ 
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[0043] fc*5, WMtf**W&\^K.m^ f^itettm\tf**fc^&&& 

Remote Plasma Oxidation) %!Mkh^ s 5o 

[0044] ^i-«Hf sioKtt, ^^[Rj-esias^M^sm^tbTt^v \ £fc. Si^gt 
Soil/iQ;%HfSiOj^MIi]<^i^ 

[0045] Hf-MMP (100%) £Si-MMP (100%) t^rfflV^THf-MMP/ (Hf-MMP + Si- 
MMP) ^jjl&JtS:l/6i:Ur^JI!li-5^. HfSiOJg|fFtf>jifif£JtHf/ (Hf +S0 tt63 
%T*fcofc 0 Hf-MMP/ (Hf-MMP +Si-MMP) fl^Jt&l/lOO^LTfifcJBH-a 
HfSiOj^fp(Dm^itHf/ (Hf +Si) «16%^^i-5^^^-e#fc 0 
Eia^Hf-MMP/ (Hf-MMP+ Si-MMP) #^^lt^ ; ertV(Cj;«9#fetb^HfSiOI^ 
*?(DYii/ (Hf +Si) m^JtS:^i-o ^C5t#©fifeJI!liaStt450 , C, J£;W50~200 

&m v ^Tv ^ . ft l Jfc3^m& ffi v ^#-S^fc3„ 

[0046] #cfcl, ±^±5lc^U/^SiOJK^*fU-C^b«taSrtT5o ^f^-Cli, 
^!lx.i«4 , ^SimS^Hl4or^<^{tfcHfSi01^, 1rftt>*>m$tmW<nJ?&£itiL 
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[0047] 5. 6&£Tfm7iZ7F^mMfrm'5.mmx&z>t)K /KDxm^itip^tt 

[0048] rr^^b^a^fe^P^^TtM^fflVNfc^^PB^CRTA; Rapid Therm 
al Anneal) fc^m (N ) J^T^—T (NH ) ^(D^m^&U^ffi V ^#}&. 

2 3 

i"^fc)^RTN (Rapid Thermal Nitridation) ^Jffi^N U^e— h^XV^i^)^ 
^b^-frfc^^^T^^T^if V ^^£r>SAi-5RPN (Remote Plasma 
Nitridation) £0;3K\ MMT (Modified Magnetron Typed Plasma Sourc 

fclf%Z.b&X%Z> 0 

[0049] ±mmM<D1&M<Df&mxT^lZ.#>\< ^C, #i^JtHf-MMP/ (Hf-MMP 

+S1-MMP) ^HU^^M-r^te, ^S-im^r^^^: ra^: ^ i:* 

\z.mt^x\^ a &*3, ^z.xn.^-wM^^bvx. umntf^b, Hmn^bsi 
wMtf**u&\Jd!&&mPctf* {mmmx^+simMtf*) b^m^ ^tv ^ 0 

fM^-^^SiJ!S5|sf^^^^«rfflV ^TV ^„ Hf^^Sr^#&f SfetCHfiS 

2 

;*^J;5RPO (Remote Plasm Oxidation) Mag^fTV \ HlONT^— i?jCj;5iMb^f^ 
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[0050] ft*5 % ^b^Stt. ^V—^yV^n^T^h, HfSiOJgO^JK«rfT 5KJ&^4M 
t>&V\, £fc, HfSiOJ^O^^*3V^T, M*W*£LTi3\ Hf[N(C H ) ] £HSi[ 

2 5 2 4 

N(CH) ] ,t>U<ttSi[N(CH) ] (Dm^^fr^if^*3V>Tfc> |i^tf>8b;B:#»l# 

3 2 3 3 2 4 

[0051] ±^UfcJ;5^Hli<?5^(-«tn^, &SD£5?m%:&&Z> 0 

CD gg^ft ^*5itsmj^^Hf / (Hf + si) (Dimm&fo ±r?%z> 0 

(3)HfSiOflg*<7)N$iS£, HfSiOffilf <DSi«S"e$IJ#i-^J;5^b^:<D-C, HfSi 
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(4) SiWMtf*W&^frbSi-MMPZmAl,^^?fchX%Z><DX\ HfCHKfcHfS 

[oo52] /j;*5 % ^mm^x^M^^m^^xmsiom^m^^m^Au 

>Mmz£.<Q®m~rZ><DX»tet£<. WSiOEm&.m^ HfSiOjglJi^CVD^ALDC 
Atomic Layer Deposition) X^V^mtmVXr . ^SiNJUi^V ^)&mM1rZ>£ 

m2(Dmm<omm 

[0053] ^-e«, mi<oMM(DJ&t&<n&Wm&McfcmzWRlrZo 

Hf/ (Hf +Si) ©aiil»t5:W^i^o ^Ofc^mlgi^HfM 

[0054] 0a*.tf, ^^a^t-s^&tt, igio^-r«J:55fe*fcSi^:cvDS«* s fflvNe>*T/ 
. ^n^n<D?>>?foiz.7fmttitf*mAnm i 1 2^ wjdh ^fc^fetf;* (He, n 

2 

. ^n^^^-^^*M^205, ^-<D^^*^J^^g206-e^* 
ffi!l#P^g-e&5=»Vho— 950r*. *&flc$ffc*f&J#?^©205. 206, jK/fl^l03a, 1 
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03b, #*igB&fWfl!Ewio9, m^mmo5m<v&M^cvnmm&M&rrz>&i® 

[0055] Ud^UC^fc, ±^LfcJ;5^#I^^J®^^^^^^^bT^^^W^ 
-rS«t5^M3|S|-^^{-<t«9, Hf^fcUTHf-MMPSr, SiM^UTSi-MMP 

m&m-*&-&z>z.k&mL<. HfSiojR*©*ajEfcjfcHf/(Hf +si) om«e4kbb^ 

[0056] i(OSi-MMP^Hf-MMP^4^A^-ii:fcJ^ff?rSiM^i:bTfflV^^ 
Si-MMPcDHJ^^ft^iirS-^-t^ HfSiOJ&*^©Si^Pfi£ffiiJ*Wtt 

[0057] m2<Dmm(D^m\t, ^(Dx^smmm<Dmm^^cm^h<Dx^^x, Hfsi 

t<Di:PlC|ggSrfflV^r.i:dSBrt6t**>5o 0>J;ttf . HfM^LTHf-MMP(100°/o) 
£fflv\ 0— <D^M^^101(c^gJ«i-So m-<^^M^>-^102^», Si 
^^LTSi-MMP{C^*Hf-MMP^%^^b^^J®^^^gJ»i-S 0 MSkZL 
^i-^^^^itHf/CHf+SO^rlO— 50%(0. 1-0. 5)KfflfflirZ>tiibKte. 
Si-MMP^OHf-MMP(D^W*. i~>fct?*>Hf-MMP/ (Hf-MMP + Si-MMP) 
JtttlO%*«mS^*r5«>dS«J;<, 0*L<f*l%*«i!i-§O^J;VN o Si-MMPtp 
^Hf-MMP£D^**^r/jN$<bT*3<^if\ HfSiOl^^(Dm^ltHf/ / (Hf+Si)C0 
ffi!Hfli*5BB^J£<fcSwi:*s-e#«*^-Cfc5o j^M0>*&J&JfcHf/(Hf+Si)£r5O 
%(0. 5)Jsil±K:ftHI|*t"«*iae>»!:i4 % Si-MMPtp©Hf-MMP©^^r*ttlO%@S 

[0058] Hf-MMPSrl%j®^E$"fr7^Si-MMP?SrfflV \ #^JtHf-MMP/ (Hf-MMP + S 
i-MMP) = 1/100£UU§^\ HfSiOjR©«a^JtHf/(Hf + Si) }il6%^^m 
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[0059] Z<D£5Km2<Dm&<D1&&fc£M. HfSiOJKO^l!:*5V>r, Si-MMP^10 

r.t*s-eft,*a^JtHf/(Hf+si)*o. 1— o. 5<D$mftiz&\,^xmffl1rz>m&x 
fc.m^JtHf/CHf+so^o. i-o. 5#<7)j;5^/J^v^is-e^i-5#^-efc 

[0060] #*5, ±^bfc^Jfe<D7#^"C«. Sij^^LT^Hf-MMP^i^LfcSi- 
MMP^fflV^J^-Ut^ Si-MMP(lOO%)£fflV^ Rj££t>L<r*aWb*^ 
^^@BW^^^T^^tt^*MbTV^^^A^^V^T,Hf-MMP^* 

[0061] ^t-ti, ^l©mfe<?5^1»«rHH:Qfe#Ufe*ft:^«:3i^i-So 

[0062] a)mwv>m&iz£z>'<— t^a^^l 

[0063] (2m%:%k(D&fe&baxh 

m— ©JD§(^ttHf-MMPT?S>«9, ^~OM£B3:Si-MMP£1-5o SJ&^104-Cte> 
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(Hf +Si) Hf-MMP^Si-MMPO^ltq = (Si-MMP) / (Hf-MMP) "C* 
[0064] (3)HfSiOM c P^CO^^^ANFCO^j® 

Ab-Ob, Si-N^^«9 1 bHf-N^-^o^^#<^«9. IfiWftSrJSfbS-tirrb*?. Si- 

f+ Si) £10-50% (0. 1—0. 5)©*5BBl!:ffi9«ii-5^5ldS«>«o ^£11112.1313 

Ell2^i-j;5^, S*R30_h^J^b7bHfy^(x=Hf/(Hf+Si)=0. 6-0 
. 9)^HfSiOm31a^m^Mi-^t^ HfSiOJ^31a^ffi#iffi^^^Si N m& 

3 4 

mi3iZ.^ir£5\Z s m&30±fcmmi,tiSi})iy^(x=0. 1-0. 5)ftHfSiO 
j&32a<£r»i#yffii-5fc, HfSiOJK32a^iS#3ei3:i(R«Jfc^bJ0l*S-C#, IJ&£#tt 

3 4 
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m<D%mi£x\-z.o. 1-0. 5<Dmm^WMtt&m&&%&^m*<DB.mz^k$-& 
x^hm^-r^mx^ z.<D%&m<Dmm&mmL,<, -h^^m^#^rv^ 

[0065] ^lMJ|Sf^bTHf-MMP^Si-MMP^il^bT?fe§il'a'i^J|Sf?rfflV>, 
[0066] ^3<DHife(D^^«. -ttOi^J&W^feSrffl V ^t>©tf*>oT, g^S*^ 

, mmmm^m^n^mimmt^m^m^itxm^x^^ fcu<», mm 

[0067] £1\ ^Hlfeo^^*3V^{*, mi4{z^1r£?td:%i:M^cvr>mm&m^Z>o - 

K^^JSfcWJ&fcfcoTV^. SJ&^104<DfWKfS, ^tR30Sr4feB-r«^-fe^' 
^42, ^-fe^42<DT*^^^ibtt»«30^P|^i-5t-^43. #*fc©^!7— ^ 

25?rWi-S^I7 .yK26#B*rt&*VCV>5 0 KJ£^104fcW\ ^ljjgjshfefctt/ 

33 J;^2Jm^«^*r^^^^BaW 1 20, BM Wfc*«rfN&^SBMfc*f*# 

ii4iimm^tix^.mummi4{znm^^m(Dmn,mmio5f)mm^th 
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[0068] ^b^^BBWl 16^«RP0^5y^-h^X-v^5,M21^^$tvT 
[0069] #*Mi&fl!iJ^gfiWi09fU^ &&ir%miWM&%fcVtctfx%W&irznmm 

2 

[0070] mi^^w*&sawii7a^(*, mimfcmm&^k~rz>m~<Dmkmo3 a fr 
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